ADDITIONAL INDEX WORDS. Bemisia, sweetpotato whitefly, tomato fruit quality, tomato virus SUMMARY. Tomato yellow leaf curl virus (TYLCV) is considered to be the most damaging tomato (Solanum lycopersicum) virus worldwide. Management of TYLCV has relied primarily on insecticidal control targeting the vector sweetpotato whitefly [SPW (Bemisia tabaci)]. However, resistance of the SPW to insecticides; increased length of the growing season, due in part to increased plantings of grape tomato; and asymptomatic hosts of TYLCV such as pepper (Capsicum annuum) have increased the need for wider use of TYLCV-resistant (TYLCV-R) varieties. The objective of this study was to evaluate horticultural characteristics of commercially available TYLCV-R varieties/advanced breeding lines of round and Roma-type tomato varieties in Florida. Sweetpotato whitefly populations and incidence of TYLCV were greater in 2007 than 2008. Under high TYLCV pressure, most of the TYLCV-R varieties/advanced breeding lines produced higher yield than susceptible varieties. In contrast, no clear advantage was found by using TYLCV-R varieties under low TYLCV pressure. Additionally, TYLCV-R varieties produced a high percentage of unmarketable fruit due to rough blossom end scars (BES), zippering, catfacing, sunscald, yellow shoulders, off shapes, and radial or concentric cracking compared with susceptible varieties in both years. Visual assessment of TYLCV-R varieties/advanced breeding lines for horticultural traits showed that 'Security 28', Sak 5443, and 'Shanty' were the best overall varieties/ advanced breeding lines based on participants combined score rating, although 'Tygress' and Sak 5808 performed best based on empirical evaluation (numerical data) of total marketable yields and low unmarketable yield.
T omato yellow leaf curl virus, a begomovirus, was first described in Israel in 1939 (Picó et al., 1996) , and subsequently became a major constraint to tomato production in the entire Mediterranean basin (Czosnek et al., 1990) . TYLCV is transmitted by the SPW and considered the most damaging virus of tomato worldwide (Picó et al., 1996) . After acquiring the virus, the SPW remains viruliferous for life, with symptoms appearing %2 to 3 weeks after inoculation (Lapidot and Polston, 2006) . In the western hemisphere, TYLCV was first detected in Cuba in 1990, the Dominican Republic in 1992, and Florida in 1997 (Polston et al., 1999) . TYLCV is now endemic throughout most of the southern tier of the United States, including Florida, Georgia, North Carolina, Louisiana, Texas, and California (Isakeit et al., 2007; Moriones and Navas-Castillo, 2010; Polston and Schuster, 2000; Rojas et al., 2007) . Symptoms of TYLCV infection include dwarfed leaves that are up-curled, thick and crumpled, and have chlorotic margins. Up to 90% of flowers may abscise after infection, resulting in poor fruit set and yield, especially when infections occur early in the season (Schuster et al., 1996) .
Tomato growers in Florida have largely focused on controlling the SPW vector to reduce yield losses from TYLCV (Polston, 2003; Schuster et al., 1996) . Management of SPW and TYLCV can be achieved through applications of insecticides, particularly systemic neonicotinoids. However, SPW resistance has developed to this class of insecticides in Florida (Schuster et al., 2008 (Schuster et al., , 2010 and elsewhere (Horowitz et al., 2007 ). An effective cultural control program would include reduction of vector populations by initiating timely crop destruction after harvest followed by maintenance of a host-free period over one or more SPW generations (Hilje et al., 2001 Variety Trials Polston, 2003) . The effective use of a host-free period to manage TYLCV in the Dominican Republic was studied by monitoring TYLCV levels in SPW using polymerase chain reaction with TYLCV-specific primers (Salati et al., 2002) . The incidence of TYLCV decreased markedly during the hostfree period, and then gradually increased during the tomato-growing season. In contrast, TYLCV persisted in SPW and tomato plants in an area in which the host-free period was not implemented. Unfortunately, the length of the growing season in southern and central Florida has been increasing due to higher market prices and increased production of grape tomato and alternate hosts of TYLCV such as pepper. As a result, the tomatofree planting period is generally not long enough to eliminate the problem of TYLCV (Polston, 2003) . These deficiencies in the present management system are posing a serious threat to the 32,000 acres of round and Roma-type tomato in Florida valued at $564 million [U.S. Department of Agriculture (USDA), 2013]. Therefore, viable alternative management tools are needed.
Tomato varieties resistant to TYLCV could obviate or reduce the necessity of pesticide applications and/or plant seclusion (greenhouses or shadehouses) and could provide a stable and sustainable management alternative (Polston, 2003) . Progress in breeding for TYLCV resistance was initially slow, due in part to the complex genetics of resistance and the presence of interspecific barriers between the wild and domesticated tomato species (Brunetti et al., 1997 Fields were rototilled, and all fertilizers were applied preplant [nitrogen (N), phosphorous (P), potassium (K), and micronutrients] before placement of low-density black polyethylene mulch over raised beds. Fertilizer was applied as a bottom mix (broadcast and incorporated in the bed) and as a top mix in two grooves on the edge of the bed from which fertilizer is slowly solubilized as water moves up by capillary action of the seepage irrigation system (Olson et al., 2006 • October 2013 23 (5) Food and Agriculture Science pesticide recommendations and in response to scouting reports (Olson et al., 2006 ) on a 0-3 scale where 0 = no symptoms; 1 = very slight yellowing of leaf margins on apical leaf; 2 = some yellowing and minor curling of leaflet ends; and 3 = stunted plants with severe dwarfing and cupping of leaves, shortened internodes, and aborted blooms. These ratings correspond respectively to examples 1, 2, and 3 + 4 in Lapidot and Friedman (2002) . Tomato TYLCV disease severity ratings were not taken in 2008 due to low field virus pressure. Bacterial leaf spot disease severity was rated on a 1-to-5 scale (1 = low and 5 = high) at the third harvest 30 Apr. 2008, but not in 2007 due to the prevalence of TYLCV symptoms.
A visual assessment was administrated by 28 participants during a field day at first harvest 7 Apr. 2008 (Spring 2008 season) to evaluate earliness, plant vigor, fruit size, firmness, fruit quality (color and shape), potential yield, and overall plant rating using a 1-to-5 scale (1 = very poor, 5 = very good). The visual assessment was not administrated in Spring 2007 due to high TYLCV incidence. TYLCV-R varieties were coded and the names were not known to the participants making the ratings. The participants in the visual assessment had experience evaluating tomato varieties/advanced breeding lines, including tomato growers, breeders, tomato seed sales representative, extension agents, etc.
Tomato fruit were harvested from mature-green and breaker to ripe according to industry standards (USDA, 1997). Yield measures included marketable tomato that were graded in the field according to USDA (Sargent et al., 2005) , postharvest fruit skin color was rated on 15 uniform tomato of each variety. Color was measured subjectively using a 1-to-6 scale rating where 1 = green and 6 = red (USDA, 1997). Tomato skin color is an important attribute in determining quality for the green-ripe harvested tomato industry due to the long period between harvest and final sale.
Tomato yellow leaf curl virus incidence and severity, BLS severity, yield components, fruit color, and visual assessment data were analyzed using analysis of variance and Duncan's multiple range test at P £ 0.05 and Student's t test (SAS version 9.1; SAS Institute, Cary, NC). Proportions of plants symptomatic for TYLCV, BLS, and fruit defects were normalized for analysis by arcsine transformation, although data are reported in percentages.
Results
Overall, weather conditions were cool and dry throughout the spring season (Table 2) 
Spring 2007
PESTS AND DISEASES. In 2007, there were no significant differences among varieties/advanced breeding lines in SPW counts (F = 1.85, P = 0.9, df = 10.30), with (mean ± SE) 42.4 ± 3.2, 36.9 ± 2.0, and 17.2 ± 1.6 SPW adults per four leaves at 38, 42, and 55 DAT, respectively. Symptoms of TYLCV in 2007 were evident in the susceptible 'Florida 47' by the first evaluation at 37 DAT (data not shown) and TYLCV incidence was near 100% by the end of the trial and most plants were severely stunted (Table 1). Roma-type HA 3811 was also susceptible. Lowest incidence and severity of TYLCV symptoms 79 DAT occurred in 'Tygress', although not significantly different in terms of rating from HA 3078, 'Ofri', 'Inbar', 'BHN 745', or FL 8579. Bacterial leaf spot was not rated at third harvest because of the prevalence of TYLCV symptoms. There was no Fusarium crown rot found during the season (data not shown).
YIELDS. First harvest yields of extra-large fruit and total marketable fruit (all size categories combined) were higher in most of the round TYLCV-R varieties/advanced breeding lines than the susceptible control 'Florida 47' [P £ 0.05 (Table 3) ]. However, there were no significant differences among 'Florida 47' and the TYLCV-R varieties/advanced breeding lines 'BHN 745', FLA 8576, and FLA 8580. First plus second harvests of extra-large fruit and total marketable harvest (all size categories combined) were higher for 'Inbar', HA 3078, and FLA 8580 compared with 'Florida 47', which did not yield significantly lower than those of 'BHN x Means separation by Duncan's multiple range test, P £ 0.05, means followed by the same letter are not statistically different. Round and Roma-type tomato were compared separately in both years. **Significant at P £ 0.01; *Significant at P £ 0.05; NS = not significant.
• October 2013 23 (5) 745', FLA 8576, FLA 8579, FLA 3075, and 'Tygress'. Total marketable yields (all size categories and harvests combined) ranged from 10.7 to 25.9 tons/acre. Total extra-large fruit and total marketable yield were higher for 'Inbar' and 'Ofri', HA 3078, and 'Tygress' than 'Florida 47'. However, yields of 'Florida 47' were not significantly less for 'BHN 745' and FLA 8576 in both total extra-large fruit and total marketable yield.
Total yield of all unmarketable categories was greater for most TYLCV-R varieties/advanced breeding lines than the susceptible control 'Florida 47', except for FLA 8580, 'Inbar' and 'Ofri' ( Table 3 ). The most common types of defect among TYLCV-R varieties/advanced breeding lines expressed as percentages of unmarketable yield were 56.5% to 19.2% SS/YS, 26.7% to 3.7% CRK, 26.9% to 6.3% OS, and 7.7% to 26.8% Zip/Catf (Table 4) . 'Florida 47 ' was among the lowest in SS/YS and OS, but was the highest in CRK fruit.
With Roma-type tomato varieties/ advanced breeding lines, production of marketable fruit by 'Shanty' was greater than the susceptible HA 3811 (P £ 0.05; Table 3 ). Total marketable yields from 'Shanty' ranged from 7.5 to 12.9 tons/acre. However, more unmarketable fruit were harvested from 'Shanty' than HA 3811. The most common defect types for Roma-type varieties/advanced breeding lines were Zip/Catf and CRK for HA 3811 and SS/YS and OS for 'Shanty' (Table 4) .
POSTHARVEST EVALUATION. In Spring 2007, most of the TYLCV-R varieties/advanced breeding lines had a higher color rating than 'Florida 47' (Table 5 ). However, 'Tygress' was not different from 'Florida 47' and 'Inbar' and 'Ofri' had significantly lower color ratings than 'Florida 47'. The advanced breeding line with the highest color rating was FLA 8576. Among Romatype tomato varieties/advanced breeding lines in Spring 2007, HA 3811 had a higher color rating than 'Shanty'.
Spring 2008
PESTS AND DISEASES. Only 0.8 ± 1.04 adult whiteflies were observed per leaf over the season. The only tomato plants showing TYLCV symptoms were ''Florida 47', 'Sebring', and 'Mariana' varieties with less than 12% incidence (Table 1 ). In 2008, there were generally no differences in BLS ratings at the third harvest of TYLCV-R varieties/advanced breeding lines as compared to 'Sebring' and 'Florida 47', except that FLA 8632 showed lower disease than 'Sebring' ( Table 1) . The highest incidence of Fusarium crown rot was in 'Inbar'' with 18.5% of the tomato plants affected by the disease (data not shown). The remaining TYLCV-R varieties/advanced breeding lines ranged from 0% to 5%. Differences in BLS or Fusarium crown rot (data not shown) among Romatype varieties were not significant.
YIELDS. No differences between TYLCV-R and susceptible round tomato varieties/advanced breeding lines were indicated comparing the yield of extra-large fruit and total marketable fruit at the first harvest or the first plus second harvests, except for FLA 8632 and 8633 that had the lowest yields [P £ 0.05 (Table 6) ]. However, FLA 8633 was not different from FLA 8579 and 'Sebring' at first extra-large harvest and FLA 8633 was not different from FLA 8579 and 'Inbar' at first plus second harvests. Total production of marketable fruit ranged from 36.5 to 27.3 tons/acre, with no significant differences among TYLCV-R or susceptible round varieties (P > 0.05). More unmarketable tomato were harvested from TYLCV-R varieties/ advanced breeding lines compared with both of the susceptible varieties except for FLA 8579, FLA 8632, 'Inbar', 'Ofri', and 'Tygress'. The most common defect types among TYLCV-R varieties/advanced breeding lines were 47.6% to 20.3% scars (SC), 55.6% to 15.6% OS, 54.9% to 1.2% Zip/Catf, and 20.6% to 3.3% BES (Table 7) Among Roma-type tomato varieties/advanced breeding lines, there were no differences in yield of extra-large fruit or of total marketable yield at first harvest or of first and second harvests combined [P £ 0.05 (Table 6) ]. Marketable yields of extra-large totaled overall harvests were greater from 'Mariana' than Sak 5808 but did not differ between 'Mariana' and 'Shanty' (P £ 0.05). Total marketable yield from Roma-type varieties/advanced (Sargent et al., 2005) color was evaluated: 1 = green, 6 = red (USDA, 1997). y Means separation by Duncan's multiple range test, P £ 0.05, means followed by the same letter are not statistically different. Round and Roma-type tomato were compared separately in both years. **Significant at P £ 0.01; *Significant at P £ 0.05; NS = not significant. Means separation by Duncan's multiple range test, P £ 0.05, means followed by the same letter are not statistically different. Round and Roma-type tomato were compared separately in both years.
**Significant at P £ 0.01; *Significant at P £ 0.05; NS = not significant.
• October 2013 23 (5) breeding lines ranged from 21.0 to 37.8 tons/acre and was greater for 'Mariana' and Sak 5808 than 'Shanty' (P £ 0.05). Yields of unmarketable fruit among Roma-type tomato were greater from 'Shanty' than Sak 5808 and 'Mariana' [(control) P £ 0.05]. The most common defect type among TYLCV-R Roma-type tomato varieties/advanced breeding lines was OS and SC and in Shanty (Table 7) . POSTHARVEST E V A L U A T I O N . Many of the TYLCV-R round varieties/advanced breeding lines had a similar or higher color rating than the susceptible varieties Florida 47 and Sebring (Table 5) . However, 'Security 28', 'Ofri', 'Tygress', and FLA 8579 had lower color ratings than the susceptible varieties while the highest color rating among TYLCV-R breeding line was FLA 8633 (Table 5) . Among Roma-type tomato varieties, Shanty had the highest color rating, with the lowest being that of Mariana.
F I E L D V I S U A L A S S E S S M E N T EVALUATIONS SPRING 2008.
Participants in the visual assessment rated 'BHN 765', FLA 8579, FLA8632, FLA 8633, HA 3091, Sak 5421, and 'Security 28' as being earlier than both 'Sebring' and 'Florida 47' (Table 8) . Only FLA 8632 was given a vigorous plant rating greater than both susceptible varieties, while FLA 8579, HA 3091, 'Inbar', 'Ofri', and 'Tygress' were rated as less vigorous. 'BHN 765', HA 3091, 'Ofri', Sak 5443, and 'Security 28' were rated as having fruit larger than fruit of either 'Sebring' or 'Florida 47'. The fruit of 'Security 28' and Sak 5443 were rated as being more firm than those of the susceptible varieties. The lowest fruit quality was from 'BHN 765', FLA 8633, HA 3091, and SAK 5421 than 'Sebring' or 'Florida 47'. Sak 5443, 'Security 28', 'BHN 765', HA 3091, and Sak 5421 were rated as having a greater yield potential than either 'Sebring' or 'Florida 47'. Variety Security 28 and advanced breeding line Sak 5443 received the highest overall ratings as compared with others varieties and breeding lines including the susceptible control varieties.
Of the TYLCV-R Roma-type tomato varieties, Shanty was rated higher than the susceptible variety Mariana for earliness, plant vigor and yield potential and equal to Mariana for fruit size and firmness. However, participants gave 'Shanty' a lower overall rating compared with 'Mariana' due to low fruit quality rating. Under high virus pressure, TYLCV-R varieties/advanced breeding lines had higher or equivalent yields of extra-large and total marketable fruit than susceptible varieties in 2007. Similarly, a variety evaluation Means separation by Duncan's multiple range test, P £ 0.05, means followed by the same letter are not statistically different. Round and Roma-type tomato were compared separately in both years. **Significant at P £ 0.01; * Significant at P £ 0.05; NS = not significant. during Spring 2000 under high virus pressure resulted in greater yield of extra-large fruit and greater total marketable yield for six TYLCV-R varieties compared with the susceptible controls Sanibel, Florida 47, and Leila (Gilreath et al., 2000) . Gilreath et al. (2000) found that susceptible plants were almost 100% infected within 8 weeks after transplant, due in part to a TYLCV-infected plant being placed in the middle of each plot. Important differences that we observed in this study with high TYLCV pressure were the high percentage of unmarketable fruit ranging from 57% to 29% of the total marketable yields for the TYLCV-R varieties tested during the 2007 season. In contrast with high TYLCV pressure, less than 1% and 4% to 9% unmarketable fruit as a percentage of the marketable yield were reported by Scott (2004) and Gilreath et al. (2000) , respectively. The differences between these latter studies and the present study may have resulted because of different environmental conditions in 2007, including cold weather with minimum night temperatures in February, March, and April of 56.8, 57.6, and 61.4°F, respectively. Tomato fruit disorders can be exacerbated by temperatures under 60°F during flowering (Olson, 2009) . Cushman and Stansly (2006) found no benefit by using TYLCV-R varieties under low virus pressure during a spring evaluation in southern Florida. Similarly, under low TYLCV pressure during Spring 2008 in the present study, there was no difference in total marketable yield among TYLCV-R and susceptible varieties. However, there was a high percentage of unmarketable fruit in some of the TYLCV-R varieties, between 19.1% and 35.2%, except for Tygress with 8.0% (marketable and unmarketable combined) compared with the controls Sebring and Florida 47 (%14%). Cushman and Stansly (2006) and Gilreath et al. (2000) found no differences under low TYLCV incidence in total marketable yields, but found higher percentages of unmarketable fruit (5% to 35%) among TYLCV-R compared with the susceptible varieties. This confirms that the lack of consistency among TYLCV-R varieties/ advanced breeding lines in fruit quality is a major factor in the lack of acceptance of TYLCV-R varieties by the Florida tomato industry. TYLCV-R varieties/advanced breeding lines are based on Ty-1 gene, which comes from a wild relative of cultivated tomato, Solanum chilense (accession LA1969). Therefore, these varieties/ advanced breeding lines will be expected to have some genes from wild tomato species which are tightly linked with the Ty-1 gene and transferred into the genetic background of the inbred parent lines used to make the TYLCV-R hybrids. However, the breeders can potentially sort these ''negative traits'' from the background by making recombination and break the linkage. In favorable weather seasons, these traits may not be evident and can blind the breeders selecting on phenotype. However, with unfavorable weather (higher or lower temperature for plant development/plant stress) conditions the genetic predisposition can be manifested. Therefore, results an informal survey based on 65% of the tomato acreage during the 2009-10 tomato season indicated that only 5% of 34,000 acres of tomato in Florida had been planted with TYLCV-R varieties. As a result, growers continue to risk loss from TYLCV by planting susceptible varieties.
Survey participants (visual evaluation) in 2008 selected 'Security 28' and Sak 5443 as the best round varieties and 'Shanty' as the best Romatype variety. In contrast, the empirical evaluation (numerical data) found that round 'Tygress' and Roma Sak 5808 performed the best in terms of highest marketable yield and fewest culls, although they had the lowest color rating. In this case, visual evaluation of plant and fruit quality indicated different results from the empirical evaluation.
In conclusion, reduction in yield from susceptible round and Roma-type varieties was significant under higher virus pressure during 2007 but not under lower virus pressure in Spring z Tomato plant and fruit evaluation was calculated from the contribution of 28 participants: 1 = very poor, 5 = very good. Earliness defined higher rating early fruit production and fruit size was defined a higher rating bigger fruit. y Means separation by Duncan's multiple range test, P £ 0.05, means followed by the same letter are not statistically different. Round and Roma-type tomato were compared separately in both years. **Significant at P £ 0.01; *Significant at P £ 0.05; NS = not significant.
2008. Lack of consistency in fruit quality is a major factor slowing adoption of TYLCV-R varieties by the Florida tomato industry. Insecticidal control is clearly a critical element of TYLCV management although resistant varieties are still a valuable component of an integrated system under conditions of high SPW pressure (Cushman and Stansly, 2006) . Therefore, growers are urged to consider using the better TYLCV-R varieties when and where virus and SPW pressure is expected to be high.
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